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the  COp  - Ng  mixture,  with  addition  of  helium  or  water  vapor  (7),  (11), 
05),  (18),  (20)  through  (2U).  There  are  also  the  gas-dynamic  lasers 
using  (\I02  - Ng  - He  mixture  (7). 

There  are  several  ways  of  heating  the  gas  mixture.  In  laboratory 
measurements, the  most  common  method  is  to  use  the  simple  shock  tubes, 
in  which  one  easily  obtains  high  temperature  and  pressure.  The  dis- 
advantage of  these  devices  is  the  short  work  time.  In  the  continuous 
action  lasers,  the  required  medium  temperature  is  obtained  using  the 
arc  heaters  (2),  (7),  (17)  or  by  the  combustion  of  certain  fuels  (11), 
(12),  07),  (22)  through  (2L). 

In  this  paper  we  will  discuss  the  gas* dynamic  lasers  using  the 
combustion  for  creating  the  gas  mixture  and  thermodynamic  pumping. 

For  convenience,  in  the  remainder  of  this  paper,  we  will  refer  to 
these  '•asers  as  the  gas-  dynamic  lasers. 


1.  The  Analysis  of  das.  Dynamic  Laser  Action 

In  the  working  mixture  of  the  gas  dynamic  laser,  the  CCg  molecules 
play  an  active  role.  They  are  linearly  symmetric.  In  the  ground  level, 
the  two  oxygen  atoms  are  equally  distant  from  the  center  carbon  atom. 

The  possible  oscillatory  modes  of  such  a molecule  are  shown  in  Fig  1. 

For  the  symmetric  oscillations  ( Fig  l.b)  the  oxygen  atoms  move  symmetrically 
along  the  molecule  axis.  In  the  case  cf  deformed  oscillations  ( Fig  1.  c) 
the  atoms  move  perpendicular  to  the  axis.  This  type  of  oscillations 
can  be  decomposed  into  two  mutually  perpendicular  oscillatory  components. 

For  the  asymmetric  oscillations,  the  atoms  move  asymmetrically  along 
the  axis.  For  these  three  typee  ( or  modes)  of  oscillatory  motions, 
labelled  1^,  V2 , Vj,  thery  assigned  three  energy  quantum  numbers  p,  q,  r and 
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the  momentum  quantum  number  determining  the  type  of  deformed  oscillatory 


moae.  The  molecule  state  is  described  by  the  set  of  these  numbers  in  a 

-tl 

following  manner  ( p,  q,  r ).  For  example,  if  the  molecule  has  only 
one  type  of  oscillation  in  mode,  its  state  iB  described  by  ( G0°1  ). 

Fig.  2 shows  the  oscillatory  levels  of  CQ^  and  molecules  with 
the  most  interesting  transitions  in  this  system  (21).  The  nitrogen  as 

is  , 

a simple,  dietomic  mol ecul e , ^characterized  by  a single  type  of  oscillatory 
motion. 

In  the  obs  dynamic  laser  there  are  many  possible  energy  transfers 
between  molecules  and  within  the  C02  mclecule  itself.  Nearly  resonance 
enerqy  exchange  takes  place  between  the  first  oscillatory  energy  level 
of  nitrogen  ana  the  first  asymmetric  oscillatory  level  of  carbon  dioxide. 
This  exchange  can  be  expressed  by  the  relation: 


■ 

COjCOO-O)*  + Na(0)  - 1*  cm'1 


The  energy  from  the  levels  CD^  ( 00  1 ) and  N2(l)  can  be  lost  by  the 

collisonS  with  the  not  excited  CO^  and  N^  molecules,  ano  with  the  helium 

and  water  vapor  molecules  which,  for  simplicity,  are  not  included  in 

the  scheme.  Freeing  the  lower  energy  levels  of  C02  (\)j  , ^2>  takes  place 

through  the  collisions  with  all  components  of  the  mixture.  It  is  the 

fastest,  however,  in  the  collisions  with  the  water  vapor  molecules. 

The  laser  emission  takes  placB  as  a result  of  the  transition  from 

the  first  asymmetric  oscillatory  level  (CJ0°1)  ( known  as  the  upper  laser 

0 

level)  to  the  first  symmetric  oscillatory  level  ( 10  Q)  ( known  also  as 
the  lower  laser  level).  In  certain  conaitions,  the  laser  emission  is 


also  possible  for  the  (00  1 ) 


(02  0)  transition. 
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The  condition  for  the  yas  aynamic  laser  action  is  the  rapid  expansion 
of  the  hot  laser  worxing  mixture  in  the  supersonic  nozzle.  The  result  of 
this  process  is  the  lowering  of  temperature  ana  pressure  in  the  time 

- A 

interval  shorter  than  the  relaxation  time  of  the  CO,,  (00  1)  and  Np  (1) 
levels.  Simultaneously,  due  to  the  helium  and  water  vapor  admixture,  the 
relaxation  of  the  lower  working  levels  is  taking  place,  in  about  the 
same  or  shorter  tiae  iatarrel  than  the  time  of  the  mixture  flow  through 
the  nozzle.  As  a result  of  rapid  expansion,  the  upper  laser  levels  are 
unable  to  foTlow  the  rapid  temper  ture  ana  pressure  change  ana  become 
"frozen".  Since  the  relaxation  time  for  these  levels  is  long,  their 
population  will  remain  unchanged  even  at  consideraole  distances  from  the 
nozzle. 

I The  work  principle  of  the  gas  aynamic  laser  is  shown  in  Fig  3.  (12). 

The  working  mixture  composed  of  0.913  N„,  0.012  H?0  at  the 

temperature  of  1ACQ°K  is  placed  in  the  container  under  the  pressure  of 

I 

17  ata.  The  expansion  takes  place  in  tlx*  flat  nozzle  with  the  critical 
cross  section  height  h = G.6  mm,  and  the  ratio  of  t.hp  exhaust  to  the 
critical  cross  section  A/A*  = 1A.  At  the  nozzle  exhaust  the  ^'ach  number  = A, 
the  pressure  is  abcut  0.1  ata,  ana  the  temperature  is  close  to  the 
ambient  temoerature. 

Fig  3 b.  inustietes  the  energy  distribution  of  the  laser  mixture 
into  different  degrees  of  freedom  ,in  the  different  areas  of  supersonic 
nozzle.  In  tne  stagnation  area,  most  of  the  energy  is  concentratea  in 
the  translational  ana  rotational  degrees  cf  freeoom.  Only  about  10%  of 
the  energy  is  in  the  oscillatory  state.  During  the  expansion  in  the 
supersonic  nozzle,  the  translational  ana  relational  energy  converts 
directly  into  the  flow  kinetic  energy. 
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If  the  oscillatory  energy  was  in  the  eguil ibrium  state,  it  would  then 
dissipate  in  the  nozzle.  Sufi’ieiswfcly  rapid  expansion  causes  that  the 
oscillatory  energy  is  "frozen"  during  the  How,  and  its  oscillatory 
terrrerature  is  typical  for  a flow  in  the  nozzl ejcritical  cross  section. 

Conaiderinc  the  Inversion  in  the  discussed  flow  ( Fig  3 
see  that  the  population  1 ower  levels  exceeds  the  population  of  the 
higher  levels  in  the  stagnation  area  ( which  is  typical  for  the  gas  in  the 
equilibrium  state).  At  the  initial  expansion  perioa,tne  population  of  the 
higher  laser  levels  somewhat  decreases,  but  it  stabilizes  at  the  short 
distance  behino  the  nozzle* critical  cross  section.  Ln  the  other  hand,  the 
population  of  the  lower  laser  levels  drastically  decreases  and  al^most 
disappears  et  the  short  distance  from  the  nozzle* critical  cross  section. 

The  water  vapor  or  he’ium, frees  the  energy  from  the  lower  laser  levels. 

4 1 

The  population  of  the  upper  laser  levels  the  nozzle  exhaust  is  typical 
for  thp  gas  at.  the  temperature  a tjttle  lower  than  the  stagnation  temperature 
and  the  population  of  the  lcwer  laser  levels  is  typical  for  the  temperature 
of  the  gas  f’ow  at  the  nozzle.  The  inversioh  state  created  at  the  nozzle 
exit  remains  in  the  l^ser  channel  for  a distance  up  to  1 meter. 

Oue  to  the  relative  high  Density  of  gas  mixture  flow  in  the  nozzle, it 
is  possible  to  obtain  very  high  power  outputs  from  the  unit  volume  of  flow. 
The  amount  of  useful  energy  depsnos  on  the  energy  stored  in  the  excited 
nitrogen  molecules  ano  iiv  the  asymmetric  oscillations  of  carbon  d/ioxidt. 

The  maximum  possible  energy  output  for  the  laser  transi tion. can  be  expressed 
by  the  following  relation  (assuming  that  the  upper  levels  are  frozen  in 
amounts  characteristic  for  the  stagnation  temperature  (12)  ). 


one  can 


-6- 

where:  h - Planck's  constant 


>)  - frequency 

Tgt  - stagnation  temperature . 

For  tne  mixture  of  0.1  CD^  and  U.9  Ng,  heated  to  140Q°K,  this  energy 
is  jb  IftJ  per  Kilogram  ot  the  meaium.  Df  course,  this  energy  cannot  be 
completely  converted  into  radiation.  In  the  existing  systems  it  is 
passible  to  utilize  only  1 of  this  energy  (9).  It  is  possible,  that  in 
a short  time  this  amount  can  be  doubled  or  tripled.  This  will  OBpend  on 
the  design  improvements  to  the  gas-dynamic  lasers. 

The  largest  energy  losses  are  taking  place  in  the  nozzle,  due  to 
incomplete  "freezing"  of  oscillatory  eneroy  ana  the  negative  effect  of  the 
layer  adjacent  to  the  wall  (smearing  effect).  In  order  to  minimize  these 
losses,  the  nozzle  design  must  be  such,that  at  its  critical  cross  section, 
the  freezing  of  uooer  laser  levels  is  very  rapid.  This  can  be  aone  by 
designing  the  nozzle  with  small  critical  cross  section.  In  such  a nozzle 

the  gas  quicxly  reaches  the  exit  parameters. 

used 

In  Fig  4 there  are  shown  nozzle  types^/  most  often  in  gss  dynamic 
lasers  (11).  Flat  single  slit  nozzle,  with  a resonator  axis  parallel  to 
tne  critical  cross  section  slit  ( Fig  4 a ) is  relatively  long.  The  studies 
showed,  that  this  nozzle  shape  doesn't  lead  to  fast  "freezing"  of  the  upper 
laser  levels  and  it  causes  the  formation  of  very  extensive  wall  layer. 

The  turbulent  wall  layer  is  ^optica 11  yj  very  inhomegenous^and  causes  per- 
turbations in  the  resonator  work.  The  nozzle  array,  in  which  the  slits 
are  perpendicular  to  the  resonator  axis  ( Fig  4 b)  is  much  more  useful. 

In  this  system  the  wall  layer  is  much  small er.  The  turbulent  traces, 
formed  behind  the  nozzle  edge,  have  very  small  optical  thicxness  and 
disturb  the  resonator  work  t*  a much  smaller  Degree. 

In  the  laser  cavity, the  majority  of  energy  is  stored  in  nitrogen 

oscillations.  This  energy  must  be  transferred  to  the  carbon  dioxide  during 


the  flow  through  the  resonator.  The  length  of  the  resonator  mirrors  should 
he  proportional  to  the  flow  velocity,  ana  inversely  proportional  to  the 
rate  of  energy  transfer  to  the  carbon  dioxide.  The  length  of  the  resonator 
mirror  calculatea  accoraing  to  the  above  rule  (11)  loas  too  low  a value, 
since  the  rate  of  energy  transfer  (D  ( 00°1  ) is  in  the  reality 

limited  by  the  rate  of  energy  release  frcrr  the  lower  laser  levels. 

?.  Modelling  Studies 

The  qcal  of  the  qas  dynamic  lasers  modelling, is  the  determination 
of  the  optimal  working  parameters,  and  ihe  verification  of  components 
efficiency  ( nozzle,  resonator  etc.)  These  stuoies  arc  conducted  with 
the  use  of  shoo*  tubas  (4),  (lO)-y— (11),  (12),  (16)  or  small  devices  of 
continuous  action  (4),  (7),  (lb).  The  shock  tubes,  however,  bacame  the 
basic  tool  used  in  the  gas  dynamic  laser  studies, since  they  are  simple  to 
use  anu  enable  to  obtain  any  parameters. 

The  uiBgram  of  the  shock  tube  useo  for  the  gas-dynamic  laser  studis, 
is  shown  in  Fig  5.  The  working  mixture,  after  compression  and  heating  (by 
a shock  wave),  flows  through  the  nozzle  to  the  measurement  zone.  During  tha‘ 
quasi  stationary  flow  ( usually  lasting  a few  milliseconds)  it  is  possible  to 
measure  the  amplification  factor,  which  determines  the  population  inversion 
ratio  in  the  gas  flow. 

For  the  measurements  of  amplification  factor  the  additional  low 
power  laser  is  used.  The  laser  beam  ( of  known  input  ppwer  pe)  passes 
through  the  gas-dynamic  laser  cavity,  where  it  is  amplified.  Measuring  the 
power  p of  the  output  beam,  one  can  determine  the  amplification  factor 
(for  the  conuition  far  from  saturation),  using  the  relation; 
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inhere:  ^ - amplification  factor 

L - cavity  width 

The  amplification  factor  is  studied  in  order  to  optimize  the  laser 
working  parameters. 


3.  Gas  Dynamic  Laser  Pumped  by  Combustion 

The  gas  dynamic  lasers,  in  which  the  combustion  is  used  for  pumping 
and  forminn  the  working  mixture,  can  be  divided  into  two  basic  groups: 
pulsed  lasers  and  the  continuous  wave  lasers. 

3.  1.  P.lseo  Lasers 

The  diagram  of  the  gas  dynamic  pulsed  laser  is  shown  in  Fig  6a.  The 
combustion  chamDer  is  filled  with  tre  explosive  mixture  with  the  addition 
of  nitrogen.  The  mixture  contents  is  chosen  in  such  a way,  that  after  the 
combustion,  the  chamber  is  filled  with  the  combustion  products  of  proper 
composition,  pressure  ano  temperature  ( for  example  compositions  given  in 
Table  1.).  After  the  parameters  of  created  mixture  eoualize,  the  electro- 
magnetic valve  is  open,  or  the  membrane  ( acting  as  a valve)  is  broken. 

The  combustion  chamber  eno  the  nozzle  beccre  joined. 

The  workina  mixture,  after  expansion  in  the  supersonic  nozzle  (where 
the  popu’aMon  inversion  takes  place),  flows  through  the  resonator,  in 
which  the  ’aser  action  takes  place.  The  vacuum  container  is  placed  behind 
the  resonator. 

Some  cf  the^gas^uy namiic ^pulsec^.  1 asers  arc  equipped  with  the  electro- 
magnetic valves,  allowing  the  repetition  of  the  laser  action  in  short 
time  intervals.  The  volume  of  ccmcustion  chamber  is  several  liters,  which 
in  conjunction  with  the  large  vacuum  container  allows  the  laser  action  time 
on  the  oroer  cf  a few  tenths  of  the  second. 

The  power  obtained  from  the  pulsed  laser  is  becoming  larger.  Tulip  (23) 


s 


-9- 


obtained  pouters  reaching  ’DOW.  He  studied  the  influence  of  different 
fuels  on  the  laser  action.  The  summary  of  his  r suits  are  given  in 
Table  1 ) . 

The^gas-dynamic\pu1sed/  laser  (2<«)  fueled  by  the  exp’osive  mixture 
of  CO,  Hg , O2 , Ng*  radiates  about  30  J”  of  energy  in  0.3  sec..  In  the  initial 
phase,  the  power  reaches  2ULJW.  The  mein  advantage  of  the  gas-dynamic 
pulseo  lasers  is  their  simple  design  and  simplicity  in  operation.  They 
do  not  require  ths  expensive  cooling  systems.  The  disadvantage  is  their 
short  work  time  and  the  necessity  cf  installing  the  large  vacuum  container. 

But  they  may  be  successfully  used  where  the  pulsed  work  is  required.  They 

0 

are  also  used  as  the  diagnostic  tools,  which  allows,  in  their  quasistatinary 

A 

range,  to  optimize  the  parameters  of  the  continuous  wave  tasers. 

3«2  Continuous  Wave  Lasers 

The  cnnti nuous  wave  gas-dynamic  lasers  may  be  divided  into  two  subgroups. 
The  first  one,  includes  the  small  devices  ( used  mainly  for  studies), 
working  with  the  large  vacuum  chamber  and  the  vacuum  pump.  The  second 
subgroup  induces  the  hi^h  power  lasers,  equipped  with  the  supersonic- 
subsonic  diffusers,  eliminating  the  need  for  the  vacuum  chambers  ano  pumps. 

The  diagram  of  the  continuous  wave  gas-cynamic  laser  is  shown  in 
Fig  6b.  The  fuel  is  burned  with  the  air  in  the  combustion  chamber  in 
such  proportions,  as  to  obtain  the  laser  mixture  with  the  proper  content 
ano  temperature.  The  fuel  (similarly  as  with  the  pulsed  lasers)  is  the 
carbcn  monoxide  with  the  addition  of  hydrogen  or  ether  carbohydrates. 

Cne  can  also  use  cvanoqen  (CpN ^)  with  the  carbohydrates, or  carbohydrates 
alone.  The  combustion  process  takes  place  unoer  the  pressure  o several 
atmospheres.  To  form  the  final  laser  mixture,  the  second  chamber  is  used, 
in  which  the  combustion  products  are  mixed  with  nitrogen. 

Minzer  (Id)  using  the  small  c.u.  gas  dynamic  laser,  measured  the 
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dependence of  the  amrM f iraticn  factor  on  the  molar  contents  of  com- 
bustion products.  The  Minzer  results  are  given  on  Fig  7.  The  maximum 
amplification  and  power  on  the  order  of  5U  W,  was  obtaineo  for  the 
mixture  of  0.27  CO^ » 0.7L  N,, , 0.03  H^O.  He  also  conoucted  the  experinents 
on  burning  tne  liquia  fuels  (ethylene),  ana  studying  their  usefulness  for 
the  gas  dynamic  lasers.  The  best  results,  however,  he  obtained  using  the 
carbon  monoxide  ana  carbohy oretes . 

The  secona  gas  dynamic  laser  subgroup  includes  the  high  power  lasers: 
from  few  tc  several  tens  of  kilowatts.  Their  design  differs  from  the 
other  lasers  in  the  respect  that  instead  of  the  vacuum  chamber, the  super- 
sonic - subsonic  diffuser  is  used,  which  exhausts  the  qeses  directly  to 
the  atmcspher  , while  maintaining  the  low  pressure  inside  the  laser  cavity. 

For  the  parameters  of  the  workinn  mixture  (Fio  3),  obtained  from 
burning  CO  with  additions1  , Gerry  (12)  obtained  6 JsW^of  power,  with 
the  multiopening  stable  resonator  system;  using  the  astable  resonator  he 
obtained  2 k\^/  of  power  (11).  Using  the  similar  oevice,  one  obtaineo 
bu  k\*/  of  power  with  the  stable  resonator,  ano  the  medium  mass  ten  times  as 
hiL,h  ( 14  xg/s).  This  same  device,  allowing  for  the  mode  control  of  laser 
beam,  gives  the  continuous  power  of  30  kUJ. 

The  important  element  of  the  gas  dynamic  laser,  is  the  resonator. 

The  schematic  drawings  of  used  resonators  are  shown  in  Fig  6.  (12). 

laser , 

The  most  often  used  resonator  in  the  gas^dynamicy'is  the  stable 
resonator  (Fin  fa.),  characterized  by  a simple  construction  ano  allowing 
to  obtain  the  hinh  radiative  power.  In  this  system,  the  better  results 
couTd  be  obtained  by  using  the  mirrors  of  variable  transmission  along 
their  lenoth  (b).  The  sta^e  resonators  usua^y  work  in  a multimode 

V>t 

system  Cl),  (12),  in  which  it  impossible  to  obtain  beams  of  sms1! 
divergence.  This  fault  can  be  eliminated  Dy  use  of  astable  resonators 
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(Figs  bD . and  ac.).  These  resonators  can  nave  complex  mirror  shapes 

bui 

(a),  Ul),  (.12),  or  mirror  systems  with  rather  simple  shapes , Awith  the 
steeriny  laser.  The  electrically  pumpea  steering  laser  ( Fig  be.),  wiith 
the  high  mooe  selection,  allows  for  obtaining  the  high  rnonochrcmacity 
ana  low  beam  divergence  in  the  astable  resonators. 

The  less  analysis  of  the  gas^-dynamic  laser,  performed  by  Gerry  (11, 
12),  allows  the  conclusion  that  the  laser  efficiency  can  be  improved  in  the 
near  future,  bv  the  carpful  desion  of  all  its  components.  The  greatest 
care  and  attention  shou1c  be  niven  tc  the  nozzle  ana  rescnator  design. 

The  theoretical  analysis  by  Anderson  (25)  predicts  that  the  next 
generation  of  gas- dynamic  lasers  will  wjctk  at  the  elevated  temperature 
anu  higher  ccncentratii  n of  water  vapor.  The  higher  temperature  allows 

tht  nany  fold  increase  in  energy  which  can  be  converted  into  tne  laser 

. . _ o 

radiation.  At  tne  temperatures  exceeding  2uUQ  K the  negative  effect  of 

cissociation  ana  Ge&cti v2 lion  of  ihe  laser  levels  becomes  *oticeable.  The 
depenoence  between  energy  amount  from  the  laser  trensitibns  and  the  gas 
mixture  temperature  is  shown  in  Fig  9. 


Cone! usi on 

Use  of  t.hp  combustion  processes  for  creation  arp  Dumping  of  the  working 
mixture  in  gas  dynamic  lasers,  constitutes  the  considerate  progress  in 
‘■he  tec^no'ccy  of  hich  power  ’aser  radiation.  These  lasers  were  developeo 
rapidly.  "lespite  their  relatively  low  efficieny  as  compared  witn  the 
electrically  pumped  lasers  (lb)  the  cevelcpnent  was  fast.  The  reason  is 
the  simplicity  cf  the  design  and  hi^h  efficiency  df  heating  the  workin_ 
mixture  ( combustidn  products).  Such  efficiency  is  net  possible  in  the 
yas^uynamic  lasers  in  uinich  the  working  mixture  is  heated  by  the  src. 

Such  lasers  can  be  useo,  however,  in  the  systems  with  the  selective 
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pumpinq  of  the  ir.eaium.  In  these  conditions  tt  e higher  efficiencies  and 
power  <i«*aitiea  arE  obtained  (16).  The  necessity  of  using  the  arc 
heaters  ( characteri zee  with  the  low  qas  heating  efficiency)  did  not  allow 
achieriag  high  prwer  in  c.w.  mede.  The  lasers  with  the  arc  heaters 

addi  ticina1  1 y re-tr  re  complex  power  supply  system,  while  the  gas  dynamic 
lasers  cumrec  hv  combustion  have  simple  combustion  chamoers,  anc  art 
Fup1Pd  with  common  and  inexpensive  gas  fuels.  The  largest  of  existinq 
gas  dynamic  lasers,  fueled  by  a gss  mixture  of  carbon  monoxide  and 
methane,  achiev- s the  power  of  fail 

The  ^oal  ct  the  continuing  work  on  these  lasers  is  to  increase  their 
power  anu  ef f aciency , ano  to  lower  the  size  and  increase  the  wording 
time.  The  simple  oesign  of  these  oevices  ana  ease  of  the  operation  are 
coaductiva  to  the  niu  oevelopment  work.  It  appears  that  the  next  few  years 
will  be  very  important  period  in  the  Development  of  the  knowieege  on 
gas  dynamic  lasers. 
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Fig  2.  Uiagram  of  the  lower  oscillatory  energy  levels  of  CO^  and  molecules 

1.  - carbon  dioxide 

2.  - nitrogen 
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Flo  3.  Typica1  work  condition  of  the  cap  dynamic  laser  (initial  mixture 

parameters:  0.075  ro^ , 0.913  , 0.012  H^O,  17  ata,  Tc  * lUuCPjt. 

nozzle  parameters:  h = 0.6  mm,  A/A*  = ]A,  mixture  parameters  cj f 
the  nozzle  exhaust:  T = 35A°k,  M = U. 02,  p = 0.ut6  ata) 
a)  nozzle  outline,  t>)  eneryy  oistriOuiion  into  different  degrees 

ut  freedom  aa  a function  of  nozzle  lenytn,  cj  the  ratio  of  the 

(OQ°0) 

numoer  of  excited  miolecules  N*  to  the  number  N 4Wu>-  of  molecules 
in  tr.t  grouno  state. 

1 - rotational  - translations’  energy, 

2 - kinetic  energy  of  the  flow, 

3 - oscillatory  energy  in  the  eoullifcriur  flou , 

U - oscillatory  energy  in  the  frozen  state, 

5 - molecules  rumred  to  the  level  ( 1C°0'', 

6 - molecules  oumrPd  tc  the  ’eve'  (00° ]>. 
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Fig  t . rci~Enat1c  diagram  cf  the  superscnoic  nozzles  used  in  the  gas 
dynamic  lasers. 
a>  simple  nozzle 
uj  multislit  nozzle 

1 - direction  of  flou; 

2 - resonctor 

3 - wall  layer 

- turbulence  formec  at  the  nozzle  edre 


Fiq  5.  Schematic  diagram  of  the  system  measuring  the  amplification  factor 
using  the  s^cck  tube. 

1 - shock  tube, 

2 - membrane 

3 - nozzle 

U - auxiliary  CU2  - N2  - Me  laser 
b - mirror 
b - powei  meter 

7 - oscilloscope 
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Fiy  7.  Tht  results  of  the  measurements  of  amplification  factor  as  a 

function  of  molar  content  of  combustion  products  ( amplification 
factor  is  determined  at  the  conditions  for  frcm  saturation  during 
p (20)  transition  and  for  the  consumption  of  C.6  mols/sec) 
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Table  1.  The  comparison  of  t.he  parameters  of  pulsed  das  dynamic  laser 
fupled  with  different  fuel  QBses 

1 - fuel 

2 - crmbustion  gas  comcositicn 

3 - maxirrun  power 
U - natural  gas 

b - acetylene 


t - piopane 
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Flq  B.  Schematic  cia-rams  of  the  resnnetictfs 
s')  stable  resonator 

b)  asteb’e  resonator 

c)  astable  resonator  e.ith  a steering  laser 


tiy  *i.  dependence  of  the  maximum  laser  transiton  energy  as  the  mixture 

icmper oture  Defore  the  nozzle,  at  the  optimal  ratio  of  the  nozzle 
exit  cross  section  A to  its  critical  croas  section  A*  ( mixture 
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